The smart street lighting system is being introduced in the smart cities of India. Smart street lighting systems use various sensors. In this paper, three different sensors are proposed to be used in the smart street lighting systems which work in coordination with each other. The Light Dependent Resistor (LDR) sensor to differentiate the day and night time, InfraRed (IR) sensor to detect the movement of an object and the photodiode to monitor the health of the Light Emitting Diode (LED) lights. The proposed system is costeffective and results in improving the overall efficiency.
Introduction
Increase in the population is leading to the vast spread of major cities in India. Expansion of the city geography is resulting in the increased power consumption [1] [2] [3] . One of the major loads of power consumption in the city is by the street lights. In the olden days, the street lights were turned ON or OFF by the personnel, which involves high risk of human error. Later, timer based control of street lights has been introduced, where the street light gets turned ON or OFF based on the time setting. This does not involve the climatic changes or seasonal changes, which leads to the excess power loss. Recently, many researchers have published papers on the usage of LEDs for street lights and their control in a conventional way and the smart way [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] . However, all the papers cited in this paper do not discuss about the fault detection of the LED lights, which is a major problem facing by many street walkers. The faulty street lights generally used to take longer time to replace. This paper proposes a solution for the smart street lighting system using three different sensors working in the coordination and the Internet of Things (IoT) platform. The features of the proposed solution are: it is highly reliable system, most economical, user friendly, easy to maintain, most importantly fault detection made easy. In addition, the major benefits by adopting this system are: power saving about 40%, economy saving in the form of electricity bill is about 40%, increased life span of LEDs and the payback period is only about one year. In the following sections, a brief explanation of the proposed system is presented. Also, the working of the proposed system is explained in the third section. Fourth section gives the cost analysis and the last section concludes the work. System Description:
The proposed system shown in Fig. 1 mainly consists of sensors like InfraRed (IR) sensor, Photodiode sensor, Light Dependent Resistor (LDR) sensor, Light Emitting Diodes (LED) as load, Controller ESP-32. The each part of system is explained in detailed in the following subsections. IR Sensor: In the proposed system, IR sensor is used to detect the moment of any object either it is human or any other metal. By the basic principle of IR sensor, it detects motion and sends the signal to the LED (physical to electrical) via controller then the led glows. The working range of IR sensor can be adjusted using the preset inbuilt on the resistor or by selecting appropriate model of IR.
Light Dependent Resistor (LDR):
LDR is used in the proposed system to sense the light intensity of the surroundings. When the light intensity is high the LED is turned OFF and when the light intensity is less the LED is turned ON. By this we can ON LED at low intensity of light. This is also done through the controller. Photodiode: It this system, the photodiode is used to know whether the LED light is in good condition or not; simply it helps in fault detection of LED light which is the major issue facing in these days. When the photodiode is placed in the vicinity of LED the light falls on the diode and it conducts. Otherwise, the photodiode do not conduct and in standstill mode. This photodiode is connected to the controller which senses the value 0 or 1 based on the conducting status of the diode. This information is uploaded to the cloud through the Internet of Things (IoT) platform. This helps in easy and in-time maintenance of the LED street lights. Controller ESP-32:
The main purpose of using ESP32 is -it consists of Wi-Fi modules which can be accessed vary easily and quickly. It can also be used in the central operating system. It is a type of controller with n-number of inputs consisting n-number of functions. We can use ESP32 to connect more LED connections for one controller.
Relay:
The relay is used to operate or turn ON and OFF the LED. The control signal from the controller ESP32 is given to the relay and the main power supply to the LED street light is connected through the relay.
Working of the Proposed System:
The whole system works under the basic principles of all the sensors used and all the sensors are placed in their respective positions. In the proposed system, there are three types of sensors used and their working is explained in below lines clearly. Working procedure can be explained in detail with block diagram as shown in Fig. 1 . Here for LDR sensor, when light rays falls on LDR (when exceeds the selected range only), the resistance value of LDR get increased, so that the current flow decreases. As LED is connected to LDR through relay, LED gets TURN OFF. Similarly, when LDR is in dark condition (below specified range) then the resistance gets reduced and current flow increases to its rated value, which will be detected by the controller. The controller turns ON the LED light through the relay. Even under dark conditions i.e., night times, the power consumption of LED lights can be reduced by controlling them with respect to the movement of pedestrians and the vehicles. The working of IR sensor is to sense the motion of an object either pedestrian or a vehicle. When the IR sensor is used in its position and when it detects the metal or any other things while they are moving IR sensor passes information to the controller and then to the relay which turn ON the LED light. The LED light should turn ON when the vehicle or any pedestrian is at previous street light. The main objective is the LED must turn ON only under dark conditions and when the objective is detected by the IR sensor as shown in Table 1 . It says that LDR resistance must decrease and IR must sense an object then LED get turn ON. The other sensor used in the system is the photodiode. It is placed inside the LED streetlight. When LED is turn ON by satisfying the above condition, photodiode sends information to the controller which uploads the information to the cloud. By reading the information from cloud, one can understand the position of the LED and can estimate the life span of the LED. the LED did not get turned ON, then it is treated as faulty condition, otherwise healthy operation. From all the above cases, only case 4 is monitored and uploaded to the cloud, which helps in easy monitoring of the faulty LEDs and have timely replacement. The experimental prototype of the proposed system is developed in the laboratory and its photograph is presented in Fig. 2 . Result & Cost Analysis:
The proposed system could be implemented in any city of India, which is in the list of upcoming Smart Cities. An attempt is made in this section to show the economic feasibility of the system and savings by considering the proposed system for 100 street lights and each light is rated for 100W. Hence, the payback period of investments is about one year.
